Objective: To examine hospital variation in intrapartum care and its relationship with cesarean rates.
C hildbirth is the most common reason for hospital admission in the United States (Podulka, Stranges, & Steiner, 2011) ; it accounted for 3.8 million hospitalizations in 2011 (Torio & Andrews, 2013 ) and $15.1 billion in hospital costs for childbirth admissions (Moore, Witt, & Elixhauser, 2014) . Variation in hospital obstetric care can have a large effect on overall health care quality, safety, and costs. In a recent study, researchers showed large variation in cesarean rates among U.S. hospitals in 2009, with a 15-fold difference in the rates for low-risk women (range ¼ 2.4%-36.5%; Kozhimannil, Law, & Virnig, 2013) . In another study, researchers found a more than twofold difference across the 10th to 90th interpercentile range ($2,902-$6,266) in hospital facility costs for maternity stay for lowrisk births among U.S. hospitals in 2011 (Xu et al., 2015) . Such findings suggest possible overutilization of intrapartum interventions at some institutions and highlight the need to understand variation in obstetric practices among hospitals.
The World Health Organization highlighted the need to reduce the number of medically unnecessary cesareans (World Health Organization, 2015) . Understanding factors associated with different rates of cesarean among hospitals may inform strategies to safely prevent unnecessary cesareans. However, researchers who examined the association of cesarean rate with commonly reported hospital characteristics, such as urban/ rural location, teaching status, birth volume, and level of neonatal care unit, showed no significant association with cesarean rate or reported mixed findings (Alnaif & Beydoun, 2012; Coonrod, Drachman, Hobson, & Manriquez, 2008; Kozhimannil et al., 2013; McKenzie & Stephenson, 1993; Newton & Higgins, 1989; Oleske, Glandon, Giacomelli, & Hohmann, 1991; Zdeb, Therriault, & Logrillo, 1980) . Such inconsistent evidence suggests that these hospital characteristics are not likely to be key drivers of hospital cesarean rates. Because obstetric care involves multiple providers (nursing staff, obstetricians, midwives, anesthesiologists, and pediatricians) and a mother-infant dyad with often competing interests, a more in-depth assessment of hospital intrapartum practices is needed to better understand factors contributing to variation in cesarean rates.
Therefore, we conducted a survey to examine how the intrapartum practices (i.e., practices related to care during labor and birth) of hospitals in Connecticut and Massachusetts differed, including infrastructure, staffing, labor management policies, use of interventions, quality assurance, and performance review. In addition, we explored the association of these hospital characteristics and practices with cesarean rates to identify and elucidate potential reasons for the large variation in hospital cesarean rates.
Methods

Survey Instrument
To ascertain information about hospital characteristics and intrapartum care practices, we conducted a survey of hospitals that provide obstetric services in Connecticut and Massachusetts. Survey questions and topic areas were selected on the basis of a review of the literature (Alnaif & Beydoun, 2012; Banaszak, 1993; Coonrod et al., 2008; Glantz, 2012; Hueston, 1995; Iriye et al., 2013; Jukkala, Henly, & Lindeke, 2008) and clinical experience of our research team. A preliminary version of the instrument was pilot tested among two hospital nurse managers, two obstetricians, and a neonatologist. Questions were added, removed, or revised according to feedback received.
The final survey instrument included questions about labor and delivery unit capacity, staffing arrangement (including composition and availability), institutional infrastructure, fetal monitoring and labor management, induction of labor, operative vaginal birth and cesarean, trial of labor after cesarean (TOLAC), newborn care, staff and resident training, and quality assurance and performance review practices. We asked hospitals about the acceptability of indications for induction of labor and cesarean. Although many labor inductions and cesareans are performed for indications supported by the American College of Obstetricians and Gynecologists (ACOG; 2009; Spong, Berghella, Wenstrom, Mercer, & Saade, 2012) , other inductions and cesareans may be performed by hospitals or providers for indications that are not officially supported in practice guidelines (ACOG, 2009 (ACOG, , 2013 ACOG et al., 2014) , which we refer to as subjective indications in this article. We surveyed hospitals regarding three subjective indications for induction of labor (including gestational age $ 40 weeks, maternal age > 35 years, and presumed macrosomia), and seven subjective indications for cesarean (prematurity, fetal growth restriction, in vitro fertilization pregnancy, cephalic/cephalic twins, severe preeclampsia, maternal age > 40 years, and macrosomia at less than the 5,000-g threshold for women without diabetes). A greater number of subjective indications generally accepted by each hospital served as a marker for more liberal use of induction and cesarean.
Survey Process
Hospitals with obstetric services in Connecticut and Massachusetts were identified using the 2014 American Hospital Association (AHA) Guide (AHA, 2014). The AHA Guide contained facility codes reflecting service categories, such as obstetrics, provided by each hospital as of May 31, 2013, and hospital phone numbers. We approached each institution by telephone to confirm provision of obstetric services and request contact information for an appropriate survey respondent (nurse manager of the labor and delivery unit or other personnel familiar with maternity care at the hospital). For hospital systems including more than one institution with obstetric services, each site was contacted for separate survey responses. The survey was conducted from April through July 2014 using a multimodal approach: when an e-mail address was provided, an electronic link to the Webbased survey was sent; alternately, the survey was sent by mail with a postage-paid return envelope if a hard copy was requested or only a mailing address was available. Two reminders were sent to nonrespondents via e-mail or mail depending on the initial mode of contact to optimize response rate. The study protocol was reviewed by the Yale University Human Research Protection Program and determined to be exempt from committee review.
Using the AHA Guide, 71 hospitals in Connecticut and Massachusetts were identified as potentially providing obstetric services. Contact persons from 11 hospitals stated that their institution did not provide obstetric care upon telephone inquiry, one reported obstetric service at an additional hospital, and one did not allow for disclosure of practice information. Therefore, 60 hospitals were eligible for participation and most (58 hospitals) received the Web-based survey via e-mail.
Statistical Analysis
Descriptive statistics were calculated for hospital characteristics and practices, including frequencies and percentages for categorical variables and medians and 10th through 90th interpercentile ranges for continuous variables. Because of the relatively small sample size, we did not perform multivariable regression analysis but used nonparametric statistical tests to examine bivariate associations between hospital characteristics and their cesarean rates. Specifically, we used Wilcoxon exact rank sum test for comparison of cesarean rate between dichotomous measures of hospital characteristics and the Kendall's tau-b correlation coefficient for assessment of ordinal association between cesarean rate and continuous measures of hospital characteristics.
The AHA Guide provided several measures of hospital structural and financial characteristics (AHA, 2014) . Availability of hospital zip codes in the AHA Guide also allowed for determination of urban/rural location (National Center for Health Statistics, 2014). We compared characteristics of responding and nonresponding hospitals based on AHA data using the chi-square or Fisher's exact test (for categorical measures of hospital characteristics) and Wilcoxon exact rank sum test (for continuous measures of hospital characteristics) to assess potential nonresponse bias. SAS version 9.3 software was used for statistical analysis.
Results
Contact persons from 42 hospitals responded to the survey, which resulted in a response rate of 70%. Respondents from three sites completed fewer than 5% of the questions and thus were excluded from analysis. The final analytic sample consisted of 39 hospitals, or 65% of eligible institutions. Comparison between these 39 hospitals and other hospitals suggested that participating hospitals were more likely to be not for profit but similar in other characteristics such as urban/ rural location, teaching status, hospital system affiliation, and annual birth volume (see Table 1 ).
Hospital Infrastructure, Staffing, and Capacity Seventy-seven percent of the respondents were maternity or labor and delivery nurse managers; other respondents self-identified as director of maternity, director of women's health services, or other clinical staff or provider (see Table 2 ). Survey respondents' average tenure in the hospital maternity unit was 13.9 years, with 5.8 years in their current positions. Most hospitals were urban (92.3%) and not for profit (97.4%), and 66.7% were teaching hospitals (including hospitals affiliated with a medical school but not residency programs; see Table 1 ). Median annual birth volume was 1,200 (10th-90th interpercentile range ¼ 450-4,100).
Survey respondents from most hospitals reported that their hospitals had a dedicated obstetric triage area (76.9%) and a minimum gestational age for evaluation in the labor and delivery unit or triage area (57.9%). For normal, low-risk laboring women, 57.9% of respondents reported a 1:1 nurse-to-patient ratio, and 42.1% reported 1:2 nurse-to-patient ratio. Staffing patterns showed that 55.3% of hospitals had a general obstetrician-gynecologist in-house at all times, 39.5% had a certified nurse-midwife (CNM) in-house at all times, 10.5% had a high-risk obstetrician in-house at all times, and 84.6% had an anesthesiologist in-house at all times. General obstetrics and gynecology physicians were reported most frequently as the provider type attending nonoperative vaginal births (92.3%), followed by CNMs (73.7%), whereas 18% of respondents reported that highrisk obstetricians usually attend nonoperative births. (More than one provider category could be reported by a hospital respondent). Thirty-seven percent of the hospitals were affiliated with a Maternity care infrastructure, staffing, labor management, quality assurance practice, and performance review vary widely among hospitals.
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residency training program, and 63.2% had at least Level II special care nurseries.
Hospital Intrapartum Care Practices
Self-reported hospital practices regarding labor management are summarized in Table 3 Having a certified nurse-midwife in-house at all times and permitting low-risk women to eat during labor are associated with lower cesarean rates.
Hospital Intrapartum Practices and Cesarean Rate 
Association of Hospital Characteristics and Practices With Cesarean Rate
The association of hospital characteristics and intrapartum practices with cesarean rate is presented in Table 5 . Hospitals having a CNM in house at all times had a lower cesarean rate compared with institutions without CNM staffing at all times (median ¼ 29% vs. 32%, p ¼ .01). Hospitals where low-risk women were allowed to eat during labor had a lower cesarean rate as well (median ¼ 29%) compared with those where women were not allowed (median ¼ 33.5%, p ¼ .02), whereas labor management practices including placing an intravenous line and drawing blood for complete blood count, type, and Note. Statistics are reported as n (%) unless otherwise specified. Percentages add to more than 100% because hospital respondents could report more than one response option.
Hospital Intrapartum Practices and Cesarean Rate
screening for all women in labor were associated with a significantly greater cesarean rate than in institutions without these practices (median ¼ 32.5% vs. 28%, p ¼ .002 and median ¼ 32% vs. 25%, p < .001, respectively).
Hospitals where CMR was offered had a significantly greater rate of cesarean compared with those where CMR was not offered (median ¼ 33.5% vs. 28%, p < .001). In addition, having a greater number of subjective indications accepted Note. Statistics are reported as n (%) unless otherwise specified. CBC ¼ complete blood count; EFM ¼ electronic fetal monitoring; IV ¼ intravenous. a Percentages add to more than 100% because a hospital respondent could report more than one response option. Note. Statistics are reported as n (%) unless otherwise specified. a Cesarean rate was available for 37 hospitals. b Percentages add to more than 100% because a hospital respondent could report more than one response option. c Subjective indications include prematurity, intrauterine growth restriction, in vitro pregnancy, cephalic/cephalic twins, severe preeclampsia, maternal age > 40 years, and macrosomia < 5,000 g for nondiabetics.
d Based on hospitals that offered TOLAC (n ¼ 32). Lundsberg, L. S. et al.
for labor induction and for cesarean were positively associated with cesarean rate (correlation coefficient ¼ 0.35, p ¼ .008 and correlation coefficient ¼ 0.33, p ¼ .009, respectively). Other hospital practices, such as offering labor induction on maternal request, offering TOLAC, routinely using continuous electronic fetal monitoring among women with low-risk labor, and regular evaluation of intrapartum interventions (including review of labor induction rate and indications and review of cesarean rate and indications) were not significantly associated with cesarean rate. Hospital characteristics including urban/rural location, belonging to a hospital system, ownership, and teaching status were not associated with cesarean rate (data not reported in table).
Discussion
Data from a survey of 39 hospitals in Connecticut and Massachusetts showed large variation in infrastructure, staffing, labor management policies, intrapartum interventions, and quality assurance and performance review processes. Greater cesarean rates were observed among hospitals where CMR was offered and where all women in labor had an intravenous line placed or blood drawn. In contrast, lower cesarean rates were reported at hospitals where a CNM was in house at all times and where low-risk women were allowed to eat during labor. The number of subjective indications accepted for labor induction or cesarean also was positively correlated with increased cesarean rates. These findings suggest that there are different patterns of care across hospitals that may be characteristic of differing levels of intrapartum intervention.
Our study extends the literature by showing wide variation across a range of intrapartum care practices. Previous studies were often restricted to hospital differences in one aspect of intrapartum care (Bailit, Dooley, & Peaceman, 1999;  Indications include prematurity, intrauterine growth restriction, in vitro fertilization pregnancy, vertex/vertex twins, severe preeclampsia, maternal age > 40 years, and macrosomia < 5,000 g for women without diabetes. Lee et al., 2013; Rockner & Olund, 1991; Zdeb et al., 1980) , such as cesarean rate alone. In contrast, we evaluated a broader spectrum of practices in labor and birth using a comprehensive survey instrument. We found notable differences in staffing arrangements, labor management policies, and performance review processes across hospitals. A recent descriptive analysis of childbirth hospitals in California also found considerable variation in a range of maternity services, practices, and resources across hospitals (Korst et al., 2015) . Such variation may carry important implications for patient outcomes and resource use and warrant further research.
Assessing the association of these hospital practices with cesarean can shed light on potential factors contributing to the large variation in cesarean rate among hospitals. Our finding of a 2-fold difference in cesarean rates across Connecticut and Massachusetts hospitals is consistent with authors of prior studies who reported 2-to 3-fold differences in hospital cesarean rates in other states such as New York, California, and Arizona (Coonrod et al., 2008; Glantz, 2003 Glantz, , 2011 Glantz, , 2012 Main et al., 2006) . Understanding causes of this large variation in hospital cesarean rate can offer important opportunities for improving its use. Although we recognize that our relatively small sample size does not permit definitive hypothesis testing, with our study we provide a good opportunity for hypothesis generation and help inform future research. We did not find statistically significant association between conventional hospital characteristics and cesarean rate, such as type of ownership, urban/rural location, hospital system affiliation, teaching status, and level of neonatal care. Instead, more intricate aspects of obstetric care management and processes appear to offer further insights. For example, having a CNM present at all times and using less interventionoriented labor management approaches (e.g., less use of intravenous lines and blood work, permission to eat during labor) were associated with significantly lower cesarean rates. In contrast, acceptance of a greater number of subjective indications for induction of labor and cesarean was associated with greater cesarean rates. Moreover, the association of cesarean rate with several important staffing and process factors, such as whether high-risk obstetricians usually performed nonoperative vaginal birth and whether there was regular review of labor induction rate and indications, approached borderline significance with p values less than .10. Although larger-scale studies are needed to replicate our findings and more definitively test these observed associations, our data suggest that it may be important for future studies to extend from evaluation of conventional measures (e.g., teaching/ nonteaching, urban/rural status) and investigate detailed processes of care to discern underlying causes for the wide variation in hospital cesarean rates.
On the basis of our findings, we also suggest continued need to identify effective ways to safely reduce cesarean rates. In a recent study, researchers showed that a cesarean rate greater than 19% carries no additional benefit to the reduction of maternal or neonatal mortality (Molina et al., 2015) . In our sample, however, most hospitals had cesarean rates above this level. Given the potential adverse effects of cesareans on subsequent pregnancies, safe reduction of the cesarean rate remains a major public health issue. Few interventions, however, have been successful in reducing the cesarean rate. Recently, an intervention in Canada achieved lower cesarean rates by auditing cesarean indications and providing feedback and recommendations to health professionals regarding best practices, but the effect size was small (adjusted absolute risk difference ¼ À1.8%; Chaillet et al., 2015) . Among our sample, more than 75% of hospitals reported regular review, feedback, and report of cesarean rate and indications and regular review of vaginal birth after cesarean rates for providers. However, these practices were not significantly associated with hospital cesarean rates. This may be due to our limited sample size or to differing quality of reviews and given feedback. Moreover, collecting and reviewing data alone may not be sufficient. Detailed recommendations for ways to improve practices as implemented in the Canadian trial (Chaillet et al., 2015) may be important. Through our survey we also found that other aspects of quality control, such as written guidelines and policies and patient education specifically for CMR and TOLAC, were lacking. This is consistent with prior studies that showed variable and insufficient information provided to women about cesarean birth (Ghosh, Yamoah, & Pring, 2013) and lack of specific consent forms outlining risks Standardized guidelines and definitions regarding indications for cesarean are needed across hospitals to reduce cesarean rates.
for CMR (Alnaif & Beydoun, 2012 et al., 2014) , two factors shown to contribute to 50% of the increase in primary cesareans in a population-based study (Barber et al., 2011) . These gaps in current practice may reflect opportunities for improvement.
Limitations
We acknowledge several limitations of our study. First, we characterized each hospital's practice (including cesarean rates) on the basis of selfreport from a single informant, rather than direct observation or actual patient-level data. However, most respondents were labor and delivery or maternity unit nurse-managers knowledgeable about their hospitals' practices, with a long tenure in the maternity unit (average ¼ 13.9 years) and in their current position (average ¼ 5.8 years).
The reported hospital cesarean rates (median ¼ 34% for hospitals in Connecticut and 30% for those in Massachusetts) are consistent with published 2014 cesarean rates for births in Connecticut (34.2%) and Massachusetts (31.6%) based on birth certificate data (Hamilton, Martin, Osterman, Curtin, & Matthews, 2015) . In addition, the self-reported hospital birth volume was highly correlated with data published in the AHA Guide (correlation coefficient ¼ 0.96). These results support the validity of our survey data. Second, the small sample size limited our analysis to bivariate associations between hospital characteristics and cesarean rate. Hence, our findings are subject to potential confounding factors, such as hospital patient case mix, and we lacked sufficient statistical power to detect factors associated with small differences in cesarean rates between hospitals. However, in our study we still provide valuable information to aid in hypothesis generation. Future larger-scale studies that allow for adequate adjustment for confounding factors, such as women's social, demographic, and clinical characteristics, are needed. Finally, our survey was conducted in Connecticut and Massachusetts, where more hospitals are urban than in the rest of the country. Moreover, a greater proportion of our responding hospitals than nonresponding hospitals were not for profit (97% vs. 81%, p ¼ .02). Hence our findings may not be generalizable to all types of hospitals or hospitals in other regions of the United States. However, participating hospitals in our study were diverse in a range of characteristics, including teaching status, birth volume, and staffing. Additionally, our response rate of 70% (65% for final analytic sample) is robust and exceeds that of other recently reported hospital-based and provider surveys (Jokhan, Whitworth, Jones, Saunders, & Heazell, 2015; Levine et al., 2015; Mehrotra et al., 2013) .
Conclusion
In this survey of Connecticut and Massachusetts hospitals, we showed wide variation in hospital staffing, policies, and processes of intrapartum care. Such variability may have important effects on women's experience, maternal and neonatal outcomes, and cost of care. In addition, we identified selected hospital attributes and practices beyond conventional measures that may be important to explanations of the variation in cesarean rate and worth further investigation in larger studies.
